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(57) ABSTRACT 

Process for producing substrates With a layer comprising an 
inorganic gel, glass, glass-ceramic or ceramic material, in 
Which a coating composition comprising nanosiZe particles 
and Water soluble organic ?eXibiliZers is applied to the 
substrate and heat treated. Crack-free and transparent thick 
?lms can be obtained by means of the process. The coated 
substrates are particularly suitable for optical, optoelec 
tronic, electronic, micromechanical or dirt-repellent compo 
nents. 
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SUBSTRATE COMPRISING A THICK FILM 
CONSISTING OF AN INORGANIC GEL, GLASS, 
VITROCERAMIC OR CERAMIC MATERIAL, A 

METHOD FOR THE PRODUCTION OF THE SAME 
AND THE USE THEREOF 

[0001] The present invention relates to a substrate With at 
least one thick ?lm comprising an inorganic gel, glass, 
glass-ceramic or ceramic material, a process for producing 
substrates With at least one layer comprising inorganic gel, 
glass, glass-ceramic or ceramic material and their use, eg in 
optics, optoelectronics or electronics. 

[0002] SiO2 layers and doped SiO2 layers having a thick 
ness in the micron range are suitable for a variety of 
applications in the ?eld of optics and optoelectronics. Thus, 
SiO2 layers having thicknesses in the micron range are 
employed as dielectric insulation layers on silicon for semi 
conductor production. A further important area is the pro 
duction of su?iciently thick buffer layers on silicon for the 
production of integrated optical components. SiO2 layers 
doped With various ions are employed in the production of 
passive and active planar optical Waveguides. 

[0003] The production of SiO2 layers having a thickness in 
the micron range is generally carried out via thermal oXi 
dation or ?ame hydrolysis. Both methods are very costly and 
tune-consuming. For buffer layers for producing planar 
Waveguides, an SiO2 layer having a thickness of 10-15 pm 
is required. For the production of materials containing 
dopants to adjust the indeX of re?ection, e.g. Pb, P, Al, or 
dopants for producing active materials, eg Er, there is the 
problem that su?iciently high dopant concentrations cannot 
be achieved by means of ?ame hydrolysis. 

[0004] The sol-gel process is an alternative for the pro 
duction of thick SiO2 layers and doped SiO2 layers. The 
incorporation of suitable ions for producing amplifying 
materials can be achieved Without problems via the sol-gel 
process. Compared to the conventional synthetic methods, 
homogeneous materials having high dopant concentrations 
are obtained. The sol-gel process thus offers an alternative 
for the production of these components. HoWever, it has not 
yet been possible to produce crack-free, densi?ed, high 
purity SiO2 layers or doped SiO2 layers having thicknesses 
in the micron range on silicon or SiO2 as substrate material. 

[0005] In the formation of inorganic sol-gel layers, evapo 
ration of the solvent during the sol-gel transition and in the 
further course of the thermal treatment for densi?cation and 
for burning out residual organics and also the collapse of the 
pores resulting therefrom lead to shrinkage of the coating, 
Which, due to the chemical bond to the substrate, can occur 
only in a direction perpendicular to the surface. 

[0006] This results in mechanical stresses in the coating 
and at the interface to the substrate, Which are determined 
not only by the shrinkage of the densifying coating but also 
by the thermal eXpansion of substrate and coating during 
heating and cooling. Those skilled in the art Will knoW that 
the stresses increase With thickness of the layer, so that a 
limit of about <1 pm applies to all knoWn layer systems. In 
the case of thicker coatings, crack-free single coatings 
cannot be formed. 

[0007] As starting material for sol-gel SiO2 layers on 
silicon Wafers and on glass substrates, use is frequently 
made of tetraethoXysilane (TEOS) in ethanol Which has been 
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hydrolyZed by means of aqueous hydrochloric acid or Water. 
Maximum layer thicknesses of only 400 nm have been able 
to be achieved in this Way, or coarse-pored layers Which are 
unusable for optical applications because of their porosity 
have been obtained. 

[0008] Williams et al., Proc. SPIE-Int. Soc. Opt. Eng. 
(1994), 2288 (Sol-Gel-Optics III), 55-56, describe the pro 
duction of SiO2 layers starting from colloidal SiO2 sol Which 
has been miXed With polysiloXanes. The thickness obtained 
for the crack-free layers densi?ed by drying at 150° C. Was 
in the range from 100 nm to 1 pm. 

[0009] The production of thick SiO2 layers by means of 
electrophoresis is described by Nishimori et al., J. Sol-Gel 
Sci. Technol. (1996), 7(3), 211-216. The synthesis of the 
layers is carried out starting from SiO2 particles and poly 
acrylic acid. The layer is applied to stainless steel by means 
of electrophoretic deposition; sintering is not carried out. 
Layers produced by means of electrophoresis have the 
disadvantage that they have a high porosity after densi?ca 
tion and are not transparent. Furthermore, electrophoretic 
deposition has the disadvantage that the substrates have to 
display metallic conductivity. 

[0010] The production of Wave-guiding layers is carried 
out on the basis of inorganic sol-gel materials, and the 
problem of the loW layer thickness occurs in all cases. As 
Wave-guiding materials, SiOZ-TiO2 layers have been dis 
cussed. Other doping materials apart from TiO2 for SiO2 
layers are P205 and GeO2. 

[0011] Only very thin layers Which are unsuitable for 
many applications, eg production of multimode 
Waveguides, can be achieved by means of customary sol-gel 
processes. Although thick layers can be obtained in the 
electrophoretic deposition of predensi?ed SiO2 particles on 
metal substrates, electrophoretic coating processes are 
unsuitable in principle in the case of substrates as are used 
in optics and optoelectronics (e.g. Si, glass). In addition, 
transparent layers as are necessary for optical applications 
cannot be obtained. 

[0012] It is therefore an object of the invention to develop 
a process for producing gel, glass or ceramic layers, in 
particular SiO2 layers and doped SiO2 layers, on substrates, 
by means of Which thick layers Which are free of cracks and 
are suitable, in particular, for optical or optoelectronic 
applications can be obtained by means of a coating proce 
dure. 

[0013] This has surprisingly been able to be achieved by 
a process for producing substrates With at least one layer 
comprising an inorganic gel, glass, glass-ceramic or ceramic 
material, in Which a coating composition comprising nano 
siZe particles and Water soluble organic ?eXibiliZers is 
applied to the substrate and heat treated. 

[0014] It is particularly surprising that the layers produced 
in the process of the invention after burning-out of the 
?eXibiliZer have a high porosity (eg an indeX of refraction 
of nD=1.22, Which corresponds to a porosity of 52%) and do 
not display crack formation during further densi?cation (eg 
at about 1100° C.) beloW the theoretical Tg despite high 
shrinkage (eg about 40-50% in the thickness), as is knoWn 
in the case of all other systems knoWn hitherto. This appears 
to be due to the agglomerate-free arrangement of the nano 
siZe particles in the gel layer. The highly porous layers are 
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transparent, Which indicates that the pores present therein 
are predominantly or virtually exclusively nanopores. These 
nanopores evidently make crack-free sintering at Tg pos 
sible. 

[0015] The process of the invention thus makes it possible 
to produce crack-free thick ?lms having a thickness up to a 
number of microns, Which can be sintered to dense layers by 
means of thermal densi?cation. Firstly, the diffusion dis 
tances Which have to be covered during sintering are small, 
so that crack-free densi?cation is successfully obtained. 
Secondly, the layers remain transparent in each stage from 
gel to glass, so that it is possible to set the index of refraction 
and/or the dielectric constant via the densi?cation tempera 
ture. Layers having thicknesses in the micron range or gel 
bodies have hitherto alWays been White. The large pores 
present in the layers according to the prior art not only 
contribute to light scattering but also lead to crack formation 
on densi?cation. In contrast thereto, the nanoporous layers 
obtainable by the process of the invention make possible the 
formation of transparent and crack-free layers at each stage. 

[0016] As substrate, it is possible to use any thermally 
stable substrate: In principle, it is also possible to use metal 
substrates, but this is not preferred. On the other hand, 
semimetals and, in particular, semiconductors are suitable 
substrates. Preferred substrates are glass substrates such as 
?oat glass, borosilicate glass, lead crystal or fused silica, 
glass-ceramic substrates, semiconductor substrates such as 
doped or undoped Si or Ge or ceramic substrates such as 
A1203, ZrO2 or SiO2 mixed oxides. Particular preference is 
given to glass and semiconductor substrates, in particular 
substrates comprising silicon or silicon dioxide. The silicon 
can be doped, eg with P, As, Sb and/or B. The silicon 
dioxide can also be doped. Examples of dopants are indi 
cated beloW in the description of the nanosiZe particles. The 
substrates can be, for example, silicon Wafers or silicon 
coated With silicon dioxide, as are used in the semiconductor 
industry and in optoelectronics. 

[0017] Of course, the substrate has to be chosen so that it 
Withstands the necessary thermal treatment. The substrate 
can have been pretreated, e. g. by structuring or, in particular, 
by partial coating, eg by means of printing techniques. For 
example, optical and/or electrical microstructures, e.g. opti 
cal Waveguides or conductor tracks, can be present. 

[0018] The coating composition is, in particular, a coating 
sol comprising a ?exibiliZer in the form of a Water-soluble 
organic polymer and/or oligomer and nanosiZe particles. 

[0019] The nanosiZe particles are, in particular, nanosiZe 
inorganic particles. They are preferably nanosiZe nonmetal 
oxide and/or metal oxide particles. The particle siZe is, for 
example, in the range beloW 100 nm. In particular, the 
particle siZes are in the range from 1 nm to 40 nm, preferably 
from 5 nm to 20 nm, particularly preferably from 8 nm to 12 
nm. The siZes indicated refer to average particle diameters. 
This material can be used in the form of a poWder, but is 
preferably used in the form of a sol. 

[0020] Examples of nanosiZe particles Which can be used 
are oxides or hydrated oxides of Si, Al, B, Zn, Cd, Ti, Zr, Ce, 
Sn, Sb, In, La, Fe, Cu, Ta, Nb, V, M0 or W, e.g. anhydrous 
or hydrated oxides such as ZnO, CdO, SiO2, TiO2, ZrO2, 
CeO2, SnO2, Sb2O3, AlOOH, A1203, In2O3, La2O3, Fe2O3, 
Cu2O, Ta2O5, Nb2O5, V205, MoO3 or WO3, phosphates, 
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silicates, Zirconates, aluminates, stannates and correspond 
ing mixed oxides (for example, those having a perovskite 
structure, eg BaTiO3 and PbTiO3). These can be used 
individually or as a mixture of tWo or more thereof. Pre 

ferred nanosiZe particles are SiO2, CeO2, A1203, AlOOH, 
TiO2, ZrO2, SnO2, Sb2O3 and ZnO. Very particular prefer 
ence is given to using SiO2 as nanosiZe particle. 

[0021] The nanosiZe particles can be produced by knoWn 
methods. SiO2 particles can be prepared, for example, via 
base-catalyZed hydrolysis and condensation of silicon 
alkoxides or via other knoWn methods for producing silica 
sols, eg via the Water glass route. Pyrogenic or thermal 
methods of preparation are also knoWn. Such SiO2 particles 
are commercially available, eg as silica sols. Analogous 
processes are also knoWn for other oxide particles. Prefer 
ence is given to using aqueous sols of the nanosiZe particles, 
e.g. aqueous silica sols and in particular colloidal, electro 
statically stabiliZed aqueous silica sols. 

[0022] In addition to the nanosiZe particles, dopants can 
also be employed. Suitable dopants are generally all glass 
or ceramic-forming elements. Examples of glass- or ceramic 
forming components (in their oxide form) for doping are 
B203, A1203, P205, GeO2, Bi2O3 or oxides of gallium, tin, 
arsenic, antimony, lead, niobium and tantalum, netWork 
transformers such as alkali metal oxides and alkaline earth 
metal oxides, components Which increase the index of 
refraction, e.g. PbO, TiO2, ZrO2, HfO2, Ta2O5, Tl2O, opti 
cally active components such as rare earth oxides, e.g. 
Er2O3, Yb2O3, Nd2O3, Sm2O3, Ce2O3, Eu2O3, transition 
elements, eg La2O3, Y2O3, WO3, and also In2O3, SnO or 
SnO2 and Sb2O3. For the purposes of the present invention, 
optically active components are, in particular, components 
Which are optically active in the sense of photoluminescence 
in the visible and NIR spectral region or 2-photon absorption 
processes (upconversion). 

[0023] Doping is carried out, for example, in concentra 
tions of from 0% to 15 mol %, preferably from 0% to 10 mol 
% and particularly preferably from 0% to 7.5 mol %, 
measured on the total oxide content. Doping is carried out, 
for example, by addition of the doping components as 
Water-soluble salts, as alkoxides or as soluble complexes, 
e.g. acetylacetonates, acid complexes or amine complexes, 
to the coating sol and, if appropriate, hydrolysis. 

[0024] The principle of doping also makes it possible to 
produce homogeneous multicomponent glass layers having 
thicknesses in the micron range. It is found that the nanosiZe 
particles, used, eg the silica sols, in combination With the 
?exibiliZer, eg a PVA binder, gives stable sols and gel 
layers both in acidic medium and in basic medium, so that 
a variety of dopants are possible. HomogeniZation occurs 
during sintering. Here too, the nanodisperse state of the SiO2 
xerogel frameWork is important to achieve homogeneous 
distribution of the element(s) in a short time. A further 
advantage is that the genuine nanoporosity results in com 
plete densi?cation being achieved at Tg. Only in this Way is 
it possible to avoid knoWn phase separation processes, 
especially in the case of loW-dopant SiO2 compositions, 
Which are unavoidable at relatively high temperatures and 
often lead to coatings Which are not transparent. This is 
particularly important for the production of optically active 
layers, since phase separation phenomena increase concen 
tration quenching of the emission in these layers. 
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[0025] In addition, Water-soluble organic ?exibiliZers are 
used in the coating composition. These are, in particular, 
Water-soluble organic polymers and/or oligomers, prefer 
ably Water-soluble organic polymers, e.g. Water-soluble 
organic binders. These are, for example, polymers and/or 
oligomers Which contain polar groups such as hydroxyl 
groups, primary, secondary or tertiary amino groups, car 
boxyl groups or carboxylate groups. Typical examples are 
polyvinyl alcohol, polyvinylpyrrolidone, polyacrylamide, 
polyvinyl pyridine, polyallylamine, polyacrylic acid, poly 
vinyl acetate, polymethyl methacrylate, starch, gum arabic, 
other polymeric alcohols such as polyethylene-polyvinyl 
alcohol copolymers, polyethylene glycol, polypropylene 
glycol and poly(4-vinylphenol). A preferred ?exibiliZer is 
polyvinyl alcohol, e.g. the commercially available MoWiol® 
18-88 from Hoechst. It is also possible to use polyvinyl 
alcohols having, for example, an MW of 1200. The ?exi 
biliZers can be used individually or as a mixture of tWo or 
more thereof. 

[0026] In contrast to the solvent, the ?exibiliZers cannot be 
distilled off even at elevated temperatures, but instead are 
burned out by means of the heat treatment, i.e. they cannot 
be vaporiZed Without decomposition. They are, in particular, 
substances Which are solid at room temperature. 

[0027] Apart from the nanosiZe particles and the ?exibi 
liZers, the coating composition further comprises, in par 
ticular, one or more solvents as third components. It is 
possible to use all suitable solvents knoWn to those skilled 
in the art. Examples of suitable solvents are Water, alcohols, 
preferably loWer aliphatic alcohols, e.g. C1-C4-alcohols such 
as methanol, ethanol, 1-propanol, i-propanol and l-butanol, 
ketones, preferably loWer dialkyl ketones, e. g. C1-C4-dialkyl 
ketones such as acetone and methyl isobutyl ketone, ethers, 
preferably loWer dialkyl ethers, e.g. C1-C4-dialkyl ethers 
such as dioxane and THF, amides such as dimethylforma 
mide, and acetonitrile. The solvents can be used alone or as 
mixtures. 

[0028] Particularly preferred solvents are Water, alcohol/ 
Water mixtures having alcohol contents of from 0% to 90% 
by volume, mixtures of Water and tetrahydrofuran (THF) 
having THF contents of from 0% to 90% by volume, other 
single-phase mixtures of Water and organic solvents such as 
dioxane, acetone or acetonitrile, With a minimum Water 
content of 10% by volume being preferred. Particularly 
preferred solvents contain at least 10% by volume of Water. 
The Water content in the solvent is particularly preferably 
>50%, in particular >90%. Preference is therefore given to 
using aqueous costing compositions, i.e. those having a 
minimum-Water content. 

[0029] The proportion of solvent in the coating composi 
tion depends largely on the coating method chosen. In the 
case of coatings to be applied by spraying it is, for example, 
about 95%, in the case of coatings to be applied by spin 
coating or dipping it is, for example, about 80%, in the case 
of coatings to be applied by doctor blade coating it is, for 
example, about 50% and in the case of printing pastes it is, 
for example, about 30%. 

[0030] The coating composition can in principle further 
comprise other additives, e.g. ?uorosilane condensates as 
are described, for example, in EP 587667. 

[0031] The ?exibiliZer is compounded With the nanosiZe 
particles (and the abovementioned solvents) to give a coat 
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ing sol in such a Way that this ?exibiliZer sterically stabiliZes 
the SiO2 nanoparticles on drying of the corresponding sol 
gel layers. As a result, no agglomerates or aggregates Which 
Would lead to large pores are formed on drying of the layers. 

[0032] It has been found to be particularly advantageous 
for the volume ratio of ?exibiliZer to the nanosiZe particles 
to be selected so that the ?exibiliZer approximately ?lls the 
voids present betWeen the particles in the solvent-free state. 
Of course, good results can also be achieved in the case of 
not excessively large deviations from this ratio. For this 
reason, the proportion of ?exibiliZer is preferably selected so 
that it largely ?lls the voids betWeen the nanoparticles after 
evaporation of the solvent, i.e. the volume ratio of nanopar 
ticles to ?exibiliZer is preferably from 72:28 to 50:50, 
particularly preferably from 70:30 to 60:40 and in particular 
from 68:32 to 62:38, e.g. about 65:35. 

[0033] The production of the layers can be carried out 
using all customary Wet processes. The coating composition 
is, for this purpose, applied to the substrate by customary 
coating methods, e.g. dipping, ?ooding, draWing, casting, 
spin coating, squirting, spraying, painting, doctor blade 
coating, rolling or customary printing techniques, e.g. using 
printing pastes. OWing to the abovementioned disadvan 
tages, electrophoretic coating processes are less suitable or 
not suitable at all. 

[0034] As a result of the heat treatment, the coating 
composition applied to the substrate is dried, the ?exibiliZer 
is burned out and, if appropriate, the coating is then partially 
or fully densi?ed. Partial or complete drying can also be 
carried out prior to the heat treatment, e.g. by means of 
simple ventilation. HoWever, the removal of the solvent 
advantageously occurs by means of the heat treatment. 

[0035] For the heat treatment, it is possible to use con 
ventional methods, e.g. heating in an oven or “rapid thermal 
annealing” (?ash annealing, ?ame treatment), the latter 
particularly for densi?cation. It is also possible, for example, 
to conceive of the use of heat radiators, e.g. IR radiators or 
lasers. Heat treatment is carried out, for example, under an 
oxygen containing or inert atmosphere, e.g. nitrogen, or air. 
HoWever, the atmosphere can also comprise, for example, 
other components such as ammonia, chlorine or carbon 
tetrachloride, either alone or as additional components. 

[0036] The removal of the solvent by evaporation and the 
?exibiliZer by burning out are carried out at, for example, 
temperatures of up to about 450° C., e.g. by heating in an 
oven/furnace. The densi?cation temperatures depend on the 
desired degree of residual porosity and on the composition. 
In the case of glass layers, they are generally in the range 
from 450° C. to 1200° C., and in the case of ceramic layers 
they are generally in the range from 500° C. to 2000° C. The 
heat treatment is preferably carried out using temperature 
programs in Which the parameters such as heating rates, hold 
temperatures and temperature ranges are regulated. These 
are knoWn to those skilled in the art. 

[0037] After drying, a gel still containing the ?exibiliZer is 
obtained, but in the case of, for example, relatively high 
boiling solvents, parallel removal is also possible. After 
burning out, a gel, more precisely a xerogel, having pores, 
preferably substantially nanopores, and no longer containing 
any signi?cant amount of organic constituents (carbon-free) 
is obtained. This inorganic gel or xerogel can be converted 
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into a glass-like, glass-ceramic-like or ceramic-like layer by 
partial or full densi?cation. In each stage from gel to glass, 
the layers remain transparent. This makes it possible to set 
the index of refraction and/or the dielectric constant via the 
densi?cation temperature. 

[0038] Layers having dry layer thicknesses of, for 
example, from 0.1 pm to 30 pm, preferably from 5 pm to 20 
pm, particularly preferably from 8 pm to 12 pm, can be 
obtained. This applies both to the nanoporous inorganic 
layers and the dense inorganic layers. According to the 
invention, it is surprisingly possible to obtain crack free 
thick ?lms, e.g. having a thickness of more than 1 pm, in 
particular more than 3 pm or 5 pm or even above 8 pm, 
Which are also transparent and thus suitable for optical 
applications. 

[0039] The gel layers after removal of the solvent but not 
the ?exibiliZer have, for example, thicknesses of from 0.5 
pm to 200 pm, preferably from 5 pm to 50 pm and particu 
larly preferably from 10 pm to 20 pm. 

[0040] The inorganic layers obtained in the process of the 
invention can also be structured, in particular microstruc 
tured. Structuring or microstructuring can be carried out, in 
particular, for producing optical or electronic structures. It 
can be carried out in the gel layer or in the densi?ed, 
partially densi?ed or undensi?ed inorganic layers. Structur 
ing is preferably carried out in the gel state, in particular 
after removal of the solvent but before removal of the 
?exibiliZer. Methods knoWn from the prior art, e.g. photo 
lithography, embossing or etching and masking processes, 
are used for this purpose. Microstructuring prior to thermal 
densi?cation alloWs the production of particularly thick (8 
pm to 20 pm) densi?ed microstructures. 

[0041] The coated substrates produced are particularly 
suitable as optical, optoelectronic, electronic, microme 
chanical or dirt-repellent components. Typical examples of 
applications are passive and active optical Waveguides, 
buffer and cladding layers for passive and active optical 
Waveguides on glass, ceramic and Si substrates, dielectric 
layers and microstructures on glass, ceramic and silicon 
substrates for producing semiconductor components, sili 
ceous layers and layers comprising alkali metal silicates and 
also microstructures for thermal and anodic bonding of 
silicon substrates, optical components, eg gratings and 
light-scattering structures, microlenses, microcylinder 
lenses, microfresnel lenses or arrays of these, microreactors 
or transparent dirt-repellent microstructures. 

[0042] The folloWing examples illustrate the invention. 

[0043] A) Preparation of the Coating Sols 

EXAMPLE 1 

[0044] Synthesis of the SiO2 Sol 

[0045] To synthesiZe the SiO2 sols, use is made of tWo 
different silica sols. One silica sol Was synthesiZed before 
hand from TEOS using ammonia in ethanol, With the 
process being carried out so that the SiO2 particle siZe after 
the synthesis Was 10 nm and the solids content Was set to 
5.58% by Weight (this silica sol is referred to as KS 10). The 
second silica sol used is commercially available (Levasil® 
VPAc 4039, Bayer). To prepare the sol, 75 g of KS 10 and 
23.25 g of VPAc 4039 are combined and 39.06 g of a 10% 
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strength by Weight aqueous solution of the organic binder 
PVA (MoWiol® 18-88, Hoechst) are added to this solution. 
After stirring at room temperature, a homogeneous mixture 
is obtained. The desired solids content (25% by Weight, 
based on the oxide content of the sol) is set by removal of 
solvent by distillation on a rotary evaporator. After concen 
tration of the sol, the pH is set to 9-9.5 by dropWise addition 
of 0.4 g of a 25% strength ammonia solution. Before the 
coating procedure, the sols are ?ltered through a spray ?lter 
(1.2 pm). 

EXAMPLE 2 

[0046] Synthesis of an SiO2 Sol Doped With Aluminum 
Oxide (95 mol % SiO2, 5 mol % A1203) 

[0047] 40 g of 1 molar aqueous HNO3 is sloWly added 
dropWise to 100 g of KS 10 and the mixture is heated to 60° 
C. A solution of 2.01 g (9.8><10_3 mol) of aluminum isopro 
poxide in 40 ml of tetrahydrofuran is added dropWise to this 
solution While hot. 21.28 g of the organic binder PVA (10% 
strength by Weight solution in Water) are then added. The 
solvent is subsequently removed by distillation on a rotary 
evaporator until the solids content is 10% by Weight (based 
on the oxide content of the sol). Before coating, the sol is 
?ltered through a spray ?lter to 1.2 pm. 

EXAMPLE 3 

[0048] Synthesis of an SiO2 Sol Doped With A1203 and 
PbO (92.5 mol % SiO2, 5 mol % A1203, 2.5 mol % PbO) 

[0049] 40 g of 1 molar aqueous HNO3 is sloWly added 
dropWise to 100 g of KS 10 and the mixture is heated to 60° 

C. A solution of 2.053 g (1.00><10_3 mol) of aluminum 
isopropoxide in 40 ml of tetrahydrofuran is added dropWise 
to this solution While hot. After cooling to room temperature, 
0.832 g (2.51><10_3 mol) of lead nitrate is dissolved in the 
reaction mixture. 23.02 g of the organic binder PVA (10% 
strength by Weight solution in Water) are then added. The 
solvent is subsequently removed by distillation on a rotary 
evaporator until the solids content is 10% by Weight (based 
on the oxide content). Before coating, the sol is ?ltered 
through a spray ?lter to 1.2 pm. 

EXAMPLE 4 

[0050] Synthesis of an SiO2 Sol Doped With A1203 and 
ErZO3 (92.5 mol % SiO2, 5 mol % A1203, 2.5 mol % Er2O3) 

[0051] 40 g of 1 molar aqueous HNO3 is sloWly added 
dropWise to 100 g of KS 10 and the mixture is heated to 60° 
C. A solution of 2.053 g (1.00><10_3 mol) of aluminum 
isopropoxide in 40 ml of tetrahydrofuran is added dropWise 
to this solution While hot. After cooling to room temperature, 
2.23 g (5.02><10_3 mol) of erbium nitrate pentahydrate are 
dissolved in the reaction mixture. 23.28 g of the organic 
binder PVA (10% strength by Weight solution in Water) are 
then added. The solvent is subsequently removed by distil 
lation on a rotary evaporator until the solids content is 10% 
by Weight (based on the oxide content). Before coating, the 
sol is ?ltered through a spray ?lter to 1.2 pm. 
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EXAMPLE 5 

[0052] Synthesis of an SiO2 Sol Doped With B203 (97.5 
mol % SiO2, 2.5 mol % B203) 

[0053] 40 g of 1 molar aqueous HNO3 is slowly added 
dropWise to 100 g of KS 10 and the mixture is heated to 60° 
C. After cooling to room temperature, 0.696 g (0.00476 mol) 
of triethyl borate is dissolved in the reaction mixture. 20.12 
g of the organic binder PVA (10% strength by Weight 
solution in Water) are then added. The solvent is subse 
quently removed by distillation on a rotary evaporator until 
the solids content is 10% by Weight (based on the oxide 
content). Before coating, the sol is ?ltered through a spray 
?lter to 1.2 pm. 

EXAMPLE 6 

[0054] Synthesis of an SiO2 Sol Doped with P205 (97.5 
mol % SiO2, 5 mol % P205) 

[0055] 40 g of 1 molar aqueous HNO3 is sloWly added 
dropWise to 100 g of KS 10 and the mixture is heated to 60° 
C. After cooling to room temperature, 0.694 g (0.00489 mol) 
of phosphorus pentoxide is dissolved in the reaction mix 
ture. 20.21 g of the organic binder PVA (10% strength by 
Weight solution in Water) are then added. The solvent is 
subsequently removed by distillation on a rotary evaporator 
until the solids content is 10% by Weight (based on the oxide 
content). Before coating, the sol is ?ltered through a spray 
?lter to 1.2 pm. 

EXAMPLE 7 

[0056] Synthesis of a Sol for a Porous SiOZ-CeO2 layer 
(50 mol % SiO2, 50 mol % CeO2) 

[0057] 100 g of KS 10 are sloWly added dropWise to 6.5 
g of 1 molar aqueous HNO3 While stirring. 40 g of acetate 
stabiliZed, particulate CeO2 sol (CeO2 ACT, 20% by Weight, 
AKZO-PQ) are then sloWly added at room temperature 
While stirring. 37.7 g of the organic ?exibiliZer PVA-18-88 
are then added as a 10% strength by Weight solution in Water. 
Before coating, this sol is ?ltered through a spray ?lter to 1.2 
pm. 

[0058] B) Coating 
[0059] The sols synthesiZed as indicated above are applied 
by means of customary coating methods (eg spin coating, 
spraying, dipping or doctor blade coating) to various sub 
strates, preferably SiO2 and silicon. 

[0060] C) Heat Treatment of the Layers 

[0061] Densi?cation of the layers is carried out in a muf?e 
furnace in accordance With a set temperature program. Here, 
the layers are heated from room temperature to 256° C. at a 
heating rate of 0.8 K/min, and the temperature is held at 250° 
C. for 1 hour. The layers are heated from 250° C. to 450° C. 
at a heating rate of 0.8 K/min and this temperature is once 
again held for 1 hour. The ?nal densi?cation temperature for 
the undoped SiO2 layers is 1100° C. Which is held for 1 hour. 
Final densi?cation temperatures of from 500 to 1000° C. 
lead to porous layers having a correspondingly loWer index 
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of refraction. The heating rate for the densi?cation for 450 
to 1100° C. is 2 K/min. The doped layers are densi?ed at the 
same heating rate to 1000° C. for 1 hour. 

[0062] Crack-free and transparent layers are obtained in 
each case. 

1. A process for producing substrates With at least one 
layer comprising an inorganic gel, glass, glass-ceramic or 
ceramic material, in Which a coating composition compris 
ing nanosiZe particles and Water-soluble organic ?exibiliZers 
is applied to the substrate and heat treated. 

2. The process as claimed in claim 1, characteriZed in that 
the coating applied to the substrate is partially or fully 
densi?ed by heat treatment. 

3. The process as claimed in claim 1 or 2, characteriZed 
in that the coating applied to the substrate is dried to a gel 
and structured or the inorganic gel, glass, glass-ceramic or 
ceramic layer is structured. 

4. The process as claimed in any of claims 1 to 3, 
characteriZed in that nanosiZe nonmetal oxide and/or metal 
oxide particles selected from the group consisting of SiO2, 
CeO2,Al2O3,AlOOH, TiO2, ZrO2, SnO2, Sb2O3 and ZnO or 
mixtures or mixed oxides thereof are used as nanosiZe 
particles. 

5. The process as claimed in any of claims 1 to 4, 
characteriZed in that the coating composition further com 
prises compounds of glass- or ceramic-forming elements, 
netWork transformers, components Which increase the 
refractive index and/or optically active components as 
dopants. 

6. The process as claimed in any of claims 1 to 6, 
characteriZed in that a ?exibiliZer selected from the group 
consisting of polyvinyl alcohol, polyvinylpyrrolidone, poly 
acrylamide, polyvinylpyridine, polyallylamine, polyacrylic 
acid, polyvinyl acetate, polymethyl methacrylate, polyeth 
ylene-polyvinyl alcohol copolymers, polyethylene glycol, 
polypropylene glycol and poly(4-vinylphenol) is used. 

7. The process as claimed in any of claims 1 to 6, 
characteriZed in that the coating composition is applied to 
the substrate by spraying, dipping, spin coating, ?ooding, 
doctor blade coating, rolling or printing techniques. 

8. The process as claimed in any of claims 1 to 7, 
characteriZed in that a glass, glass-ceramic, semiconductor 
or ceramic substrate is used. 

9. The process as claimed in any of claims 1 to 8, 
characteriZed in that silicon dioxide, silicon, doped silicon 
dioxide or doped silicon is used as substrate. 

10. A substrate With at least one thick ?lm comprising an 
inorganic gel, glass, glass-ceramic or ceramic material, 
obtainable by the process as claimed in any of claims 1 to 9. 

11. A substrate as claimed in claim 10, characteriZed in 
that the dry layer thickness of the inorganic gel, glass, 
glass-ceramic or ceramic layer is at least 1 pm. 

12. A substrate as claimed in claim 10 or 11, characteriZed 
in that the inorganic layer is transparent. 

13. The use of a substrate as claimed in any of claims 10 
to 12 as optical, optoelectronic, electronic, micromechanical 
or dirt-repellent components. 

* * * * * 


